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Abstract
All analyses performed in the top quark sector with a full simulation of the ATLAS detector
show a good agreement with fast simulation results. The purpose of this note is to understand
why detailed detector effects are not so crucial in these studies. A systematic comparison,
based on a “Rome” Data Challenge fully simulated data sample and an ATLFAST simulated
one, is done on all top event objects, electrons, muons, neutrinos, light and b-jets. A very
good agreement on reconstructed top kinematics variables is shown. This assess the robustness
of the results obtained with fast simulations in the top quark sector, and more particularly the
detailed estimates of the related systematic uncertainties, which are the key points of most of
these analyses.






















In the top quark sector, the ATLAS sensitivity in precision measurements or direct searches
for new physics has been first obtained with the fast simulation package ATLFAST [1]. This
includes studies on mass [2], W and top polarizations [3], flavor changing neutral currents
(FCNC) [4] and single top production [5]. A detailed estimate of the related systematic uncer-
tainties or a careful background determination are the key points of these studies. As several
millions of signal and (even more) background events will be produced each year at the LHC,
it is not possible to simulate them with a full detector simulation. The scope of the studies
performed within the latest global ATLAS full simulation Data Challenge [6] is to check the
robustness of the fast simulation results on a sub-sample of the total statistics: mass [7], po-
larization [8], FCNC [9], single top [10]. All show a good agreement with the fast simulation
results.
As an example, [8] demonstrates that full and fast simulation samples exhibit similar
selection efficiencies, background contamination, reconstructed top mass, polarization variable
distributions, and systematics related to the b-jet energy scale. The following questions can
therefore be raised:
  Why detailed detector effects included in the full simulation are not so crucial?
  Are fast simulations reliable for top studies, and more particularly for systematic uncer-
tainties estimate and background determination?
The purpose of this paper is to answer these two questions, by disentangling the different
effects that lead from reconstructed objects in the event to initial top partons, as sketched in
Figure 1. This full chain drives the precision of the physics studies. It includes detector ef-
fects, treated differently in full and fast simulations, physics effects, such as initial (ISR) and
final (FSR) state radiation or quark fragmentation and hadronization, and event reconstruction
effects. The two last parts are of course common in full and fast simulations.
2 Simulation tools
Fully simulated semileptonic t¯t events used in this study are part of the “Rome” Data Chal-
lenge [6]. They are generated using TopReX 4.09 [11] (samples 4520 and 4521) and MCatNLO
2.31 [12] (sample 4100) with version 9.0.4 of ATLAS software [13]. Partons are fragmented
and hadronized using PYTHIA 6.2 [14] for TopReX and HERWIG 6.5 [15] for MCatNLO. Ini-
tial, final state radiations and multiple interactions are simulated in agreement with CDF data
extrapolated to LHC [16]. No pile-up events are added. Events are then passed through a com-
plete detector simulation based on GEANT 4 [17]. A perfect detector is assumed, i.e. no dead
channels or detector misalignments are introduced. The signals of each sub-detector are digi-
tized and the whole event is reconstructed with version 10.0.1 of the ATHENA software. No
trigger simulation is included. Fast simulation samples [3] were produced with TopReX 4.05
and MCatNLO 2.31 coupled to ATLFAST 2.6.0.
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Figure 1: Chain that leads from initial partons to reconstructed objects, including event gen-
eration (parton level), simulation (MC truth level), digitization and reconstruction (detector
level).
3 Kinematic selection in full and fast simulations
Details on the object selection and reconstruction used in this study can be found in [8]. Only
the most important issues are recalled here. In full simulation, isolated leptons are identified
and reconstructed with a high pT algorithm (IsEM flag of egamma for electrons and Moore for
muons). Jets are reconstructed with a cone algorithm of size ∆R   0  4. They are then corrected
for the possible presence of non-isolated leptons, and calibrated using the true quark energy in
order to compare with fast simulation results. The b-tagging algorithm2 combines the search
for secondary vertexes (SV1) and computation of transverse and longitudinal impact parameters
(IP3D). A tagging efficiency of 60% can be obtained with rejection factors of Ru  d  s   160 and
Rc   7 [18]. The missing transverse momentum, pmissT , is calculated by retrieving the calorimeter
energy in topological clusters, and compensating for energy losses upstream (in the cryostat)
and carried by muons. A shift of -3% on ∆pmissT

pmissT in full simulation, in agreement with
 1  2 GeV shift reported in [19], is corrected afterward. A standard selection for top studies is
then applied. Selection criteria, whose efficiencies are given for MCatNLO, are the following:
  only one isolated lepton with pT  20 GeV and η  2  5. This yields an efficiency of 63%
for electrons (61% for muons), with a very high purity,

99%. Injecting a 83.3% (85.6%)
electron (muon) reconstruction efficiency [8] in ATLFAST (where no inefficiency is as-
sumed) gives 61.5% (59%), in fair agreement with the full simulation result.
  more than 4 jets with pT  30 GeV and η 	 2  5. This yields an efficiency of 50%.
A higher efficiency is obtained with fast simulation (56%), mainly because there is no
reconstruction inefficiencies. At least 2 b-tagged jets are then required.
  pmissT  20 GeV, which yields an efficiency of 90%, in good agreement with fast simulation
(91%).
2The b-tagging is performed randomly in ATLFAST, assuming a 60% b-tagging efficiency as well as a light-jet
(c-jet) rejection of 100 (10).
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All kinematic cuts are summarized in Table 1. Their overall efficiency on signal events is
9.5%. This is well reproduced by the fast simulation (9.3%) after including lepton reconstruc-
tion efficiencies. The same agreement is achieved for TopReX [8].
Variables Cuts Efficiency (%)
full sim fast sim
=1 isolated lepton pT  20 GeV, η   2  5 62 60.0
 4 jets pT  30 GeV, η   2  5 50 55.7
b-tagging  2 b-jets 32 31.4
Missing energy (ν) pmissT  20 GeV 90 91.1
Global efficiency 9.5 9.3
Table 1: Selection cuts and corresponding efficiencies on semileptonic t ¯t MCatNLO events
processed with full and fast simulations.
4 Momentum and angular resolutions in full and fast simu-
lations
The resolutions of selected objects (section 4.1) and reconstructed W and top (section 4.2) are
presented. They are convoluted with the initial spectra of objects in t ¯t events. As the hard
process (before any radiation) has no meaning at next-to-leading order (MCatNLO), all results
in this section are given for the TopReX sample.
4.1 Comparison of detector resolutions
Differences between fast and full simulations come from the detector performance description,
a simple Gaussian smearing extracted from the physics TDR [20] being used in ATLFAST.
These differences are evaluated by comparing the kinematics of reconstructed objects (elec-
trons, muons and jets at “detector level” in Figure 1) with those of Monte Carlo final state
particles (“MC truth level” in Figure 1). This is shown in Figure 2 for transverse momenta and
directions along η and φ. Full black (dashed red) curves are obtained with full (fast) simulation.
The electron pT resolution obtained with full simulation is well reproduced in ATLFAST.
Tails at lower reconstructed pT are due to bremsstrahlung in the material before the calorimeter,
only taken into account in the full simulation. The muon pT resolution is worse in full simula-
tion than in fast simulation, and is slightly shifted toward lower reconstructed values (-0.4%).
This is due to reconstruction problems of the Moore algorithm in the original “Rome” samples.
This has been corrected for in the later software versions, as shown with the blue dotted curve
obtained with reconstruction version 11.0.41: the resolution is then closer to the fast simula-
tion one. The jet pT resolution, very close for light and b-jets, is too optimistic in ATLFAST
(50%   E  3% for η   3), as indicated by recent studies [21]3.
3A much better agreement is achieved if the parametrization shown in slide 17 of [21] is implemented in
ATLFAST.
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No angular smearing is applied in the default ATLFAST. We therefore simply smeared all
object directions according to the Gaussian resolutions obtained from the core of full simulation
distributions (Figure 2). The η resolutions are almost Gaussian, which is not the case for φ
because of bremsstrahlung. Only the very central part of these distributions are therefore fitted.
A fair agreement is achieved for electrons and muons, but not for the jets, for which no direction
smearing along φ is therefore applied in the following.
4.2 Comparison of W and top resolutions
Physics effects between the initial hard process and the particles that go through the detector
(mainly radiations, quark fragmentation and hadronization) are simulated in the same way in
full and fast simulation samples. They will dilute the differences caused by the detector resolu-
tions. This is shown in Figure 3, where the reconstructed object variables are now compared to
those for the initial partons (“parton level” in Figure 1).
The agreement between full and fast simulations is very good in all cases even in the non-
Gaussian tails. The only exception is the muon pT resolution, again due to Moore algorithm
problems in reconstruction version 10.0.1. Compared to Figure 2, all differences are washed
out. All pT resolutions are degraded by 20% and tails are bigger. This is mainly due to final
state radiations and the presence of neutrinos in leptonic decays of b-jets (for the jet resolutions).
The event is then fully reconstructed using the objects studied previously. The W -boson
and top quark reconstructions are standard, except that the known top mass is used. Hadronic
W and related top are first reconstructed. The light jet pair with M j j closest to the known W
mass, MW , is selected to reconstruct the W . The event is kept if the difference between this
invariant mass and MW is lower than 20 GeV. The top is then retrieved using the b-tagged jet
with M j jb closest to Mt . The remaining b-jet is used for the leptonic top reconstruction. In 7%
cases where more than two b-jets are selected, the one closest to the lepton in ∆R is chosen. To
reconstruct the leptonic W , the neutrino pT is assumed to be the missing transverse momentum.
Its longitudinal component, pz, is determined by constraining Mlν to MW . When two solutions
are found, the one with Mlνb closest to Mt is kept. Except for the b-tagging (see section 2),
the whole reconstruction method is the same for full and fast simulation samples. The good
agreement shown in Figure 3 for pT , η and φ resolutions on each object translates into the
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Figure 2: Detector resolutions on transverse momenta ( ∆pTpT ) and directions (∆η and ∆φ) for
electrons, muons, light jets and b-jets. Black full (red dashed) lines correspond to full (fast)
simulations. The blue dotted curve in the muon pT resolution corresponds to full simulation
with version 11.0.41 of the reconstruction. Gaussian widths of the core distributions are given.
σ   1  6%
σ   8  9%
σ   0  6  10  3
σ   0  6  10  3
σ   25  10  3
σ   25  10  3
σ   2  5%
σ   8  2%
σ   0  18 mrad
σ   0  18 mrad
σ   10 mrad
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Figure 3: Resolutions on transverse momenta ( ∆pTpT ) and directions (∆η and ∆φ) for electrons,
muons, jets (light + b-jets) and neutrinos. They are obtained by comparing the reconstructed
objects with the initial partons. Black full (red dashed) lines correspond to full (fast) simula-
tions. Gaussian widths of the core ∆pTpT distributions are given.
σ   1  9%
σ   10%
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Figure 4: Resolutions on transverse momenta ( ∆pTpT ) and directions (∆η and ∆φ) for Ws and
tops. They are obtained by comparing the reconstructed objects with the initial partons. Black
full (red dashed) lines correspond to full (fast) simulations.
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5 Application to mass and polarization angles resolutions
Given the very good agreement on top kinematics between full and fast simulations shown in
the previous section, we can now consider reconstructed top masses and polarization variables.
Figure 5 shows the reconstructed top masses for TopReX (up) and MCatNLO (down). A
good agreement is found between both generators. Fast simulation results are superimposed in
each case. As an example, the hadronic and leptonic top masses for TopReX fast simulation are
174.3 and 173.9 GeV with Gaussian widths of 11.4 and 11.1 GeV, compatible with full simula-
tion (see Figure 5). The main background is combinatorial, caused by the selection of radiation
jet and/or a wrong jet assignment4. The event purity, i.e. all particles are correctly assigned, is
estimated to 64%, in good agreement with the fast simulation result (63%).
Beside the top mass, the good agreement between full and fast simulations on top kine-
matics variables should also be reflected on angles between different objects of the event. Fig-
ure 6 shows the resolution on the following angles used for top and W polarization studies:
  cosΨ, the angle between the leptonic W in top rest frame and the charged lepton in W
rest frame, which contains information on W helicity.
  cosθ1 (cosθ2), the angle between the direction of the tlep (thad) daughter in the tlep (thad)
rest frame and the tlep (thad) direction in the t¯t center of mass system, which carries
information on like/unlike spin asymmetry in t ¯t production.
  cosΦ, the angle between the direction of flight of the two daughters, defined in the t and
¯t rest frames respectively, which leads to another asymmetry parameter.
Again, a very good agreement is achieved, despite the complexity of the variables. This assess
the reliability of the results obtained with fast simulation on W and top polarization measure-
ments, and more particularly the detailed estimates of the related systematic uncertainties.
6 Conclusions
Despite a crude modeling of the detector, the fast simulation package ATLFAST reproduces
with a high accuracy all kinematic distributions of top quarks obtained with a complete detector
simulation. The reason is that all differences in detector resolutions are washed out by parti-
cle radiation, quark fragmentation-hadronization, and final event reconstruction. These effects
therefore dominate the resolution of reconstructed objects from top decay.
This conclusion, similar for TopReX and MCatNLO generators, should not be extrapolated to
other physics processes, as all resolutions are convoluted with the initial spectra. Nevertheless,
it assess the robustness of the results obtained with fast simulations in the top quark sector,
and more particularly the detailed estimates of the related systematic uncertainties, which are
the key points of most of the analyses. It will be interesting to evaluate how these studies will
change with a more realistic detector description, including dead channels or misalignments,
which will be performed with the ATLAS Computing System Commissioning (CSC) data.
4Jets are assumed to be well assigned if ∆R(true quark, jet)   0.4
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Hadronic top mass (GeV)





0.1 Constant  0.06513
Mass      175.2
Sigma    
 12.35
p3       
 -0.2049
p4       
 0.003253
p5       
 -1.556e-05
p6       
 2.31e-08
Leptonic top mass (GeV)





0.1 Constant  0.05924
Mass      173.5
Sigma    
 11.85
p3       
 -0.1632
p4       
 0.00227
p5       
 -8.247e-06
p6       
 6.27e-09
Hadronic top mass (GeV)





0.1 Constant  0.06084
Mass     
 174.1
Sigma    
 11.44
p3       
 -0.07744
p4       
 0.000749
p5       
 6.164e-07
p6       
 -1.069e-08
Leptonic top mass (GeV)





0.1 Constant  0.063
Mass      173.4
Sigma    
 10.25
p3       
 -0.2209
p4       
 0.003191
p5       
 -1.284e-05
p6       
 1.355e-08
Figure 5: Reconstructed masses of top from hadronic (left) and leptonic (right) sides for TopReX
(up) and MCatNLO (down) in the semileptonic channel. Full (closed symbols) and fast (open
symbols) simulation are superimposed on each plot. Gaussian+third order polynomial fits on
full simulation samples are superimposed, from which mass and σ are extracted.
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Figure 6: Resolution on the cosine of different angles used in W and top polarization measure-
ments (see text). They are obtained by comparing the reconstructed angles with those involving
the initial partons. Black full (red dashed) lines correspond to full (fast) simulations.
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